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Abstract 
 
The term partial discharge (PD) refers to a partial 
breakdown in an insulator which bridges two conductors. 
PD occurs due to insulation defects which arise as a result 
of high voltage stresses or insulation cracks. Continuous 
monitoring of PD activity can have a significant impact 
towards mitigating catastrophic failures. In recent times, it 
has become possible to detect and locate a PD activity on 
an automated basis using wireless sensor technology. In 
this paper, a novel technique for PD detection and 
localization using a wireless sensor network (WSN) is 
presented. The localization algorithm is based on received 
signal strength (RSS).   
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1. Introduction 
 
PD activity takes place mainly in power transmission 
lines, power transformers, generators and power cables. 
PD arises in places such as voids, joints, cavities or 
delamination zones in high voltage component insulation 
systems [1]. The repetitive occurrence of PD activity can 
lead to system degradation and can affect the performance 
of the system and consequently may lead to the 
breakdown of the whole insulation system [1]. PD pulse 
duration is quite short and lasts typically less 
than	?ߤݏሾ	?ሿǤDifferent PD types such as corona and 
surface discharges are observed from electrode edges, 
point edges or cylindrical wires. Usually, the surface PD 
is observed at insulation boundaries. A common 
perception regarding PD activity is that it often appears in 
cavities or air inclusions. If a breakdown occurs due to 
PD, it will be preceded by consecutive PD pulses. 
In recent times, it has become possible to detect and 
locate a PD activity on an automated basis by using the 
time difference of arrival (TDOA) mechanism [3] [4]. The 
work in [5] shows the potential use of SDR USRP N200 
to locate the PD source by using the received signal 
strength. Despite the noisy environment, the localization 
results were encouraging. On the other hand, although 
TDOA is effective and works correctly at the commercial 
level [4], the approach proposed in this paper has several 
advantages over this approach. Recently, the work in [6] 
has shown the potential use of low-cost RTL-SDR 
software defined radio for wideband spectrum sensing 
which is based on the received signal strength. The key 
limitation for the potential use of RTL-SDR is accuracy 
and sampling speed. The work in [7] presents a 
probability-based algorithm, and in [8] an integrated low 
cost detector is proposed. Free space radiometric 
calibration proposed in [9] is based on four different types 
of emulators radiating signals in the VHF-UHF range.  
Although a range of early warning detection systems such 
as [10] exist, they cannot be used for continuous 
monitoring.  Antenna based localization proposed in [11] 
and [12] requires time synchronization in both cases. This 
is a major challenge in such schemes, especially when 
there are scalability requirements.  
 
The main advantages of the proposed technology include: 
• No requirement for time synchronization of 
receiving nodes 
• Intensity-based approach that  is cost effective 
• Simpler approach compared to its counterparts 
• Scalable approach 
Keeping in view these factors, the intensity based 
measurement of PD seems to be an integral part of future 
smart grid monitoring. 
 
2. Algorithm Description 
 
The localization algorithm for PD source position 
estimation proposed here is based on received signal 
strength intensity. This method is based on the path loss 
model equation given below: 
 ܴெ ൌ ܴௌ െ 	 ?	 ?݈݊݋݃ ቀௗ௜ௗ଴ቁ  (1)
  
Here,ܴெ is the measured signal strength by the receiving 
node, ܴௌ is the transmitted power of the source which is 
unknown, n is the path loss index (again this is unknown, 
however it can be constrained). ݀௜ and ݀଴ are the ݅ݐ݄ and 
reference node distances respectively. Under an 
anonymous environment, the source transmitted power 
and the path loss exponent are both unknown and hence it 
is impossible to solve the above equation. To solve the 
problem, the ratio approach is used that eliminates the 
source power. The path loss exponent is still unknown but 
it is constrained to minimum and maximum limits. An 
optimization of the path loss exponent is required, 
however. The flowchart in Figure 1 describes the 
algorithm. 
 
 
Figure 1. Location algorithm flowchart. 
To optimize the path loss exponent, an initial value of the 
path loss exponent is chosen, e.g. 2 (free space). To 
calculate the locus of the estimated location, the ratio of 
power between a node pair is used and is repeated for all 
other nodes within the system. This will give multiple 
estimated locations. By using all these estimate locations, 
a mean spatial location is calculated representing the 
ሺݔǡ ݕሻcoordinates of the source.  The next part is to 
calculate the RMS spread of spatial location distance from 
the mean location as given in the formula below: 
  ݀ோெௌ ൌ ඩ	?ܰ෍݀௡ଶே௡ୀଵ ሺ	?ሻ 
Where,݀௡ is the spatial location distance from the mean 
estimated location and ݀ோெௌ is the RMS spread of the 
spatial location distance. The process is repeated for 
multiple values of path loss exponent (n) by taking a 
reasonable step size keeping in view the computation 
time, e.g. 0.01. The location that will have the minimum 
value of RMS spread will be the estimated location of the 
source, and the value of the path loss exponent will be the 
optimized value. The mathematical modelling of the 
algorithm is described, given the value of ܴெ in dBm.  
The distance (݀݅) between the ith sensor node and the 
source can be estimated as below: 
 ݀݅ ൌ ݀଴ ሾሺ ோೄିோಾଵ଴௡ ሻሿ     (3) 
This problem is solved by converting ܴௌ into a ratio, as in 
[13] [14]. Let  ሺ ܴெȀ	?	?ሻ ൌ ூܲ , and               (4)                  
 ሺ ܴௌȀ	?	?ሻ ൌ ଴ܲǤ                   (5) 
 
Equation (3) can, therefore, be solved as: 
 ௗభమௗ೔మ ൌ ௉೔మ௉భమ                     (6) ௗ೔ௗభ ൌ ቀ௉೔௉భቁభ೙                     (7) 
 
which is further written in equation (8) as: 
 ௗభௗ೔ ൌ ௉೔భ೙௉భభ೙                                         (8) 
 
By re-arranging equation (8) for ݀௜, the overall expression 
is given in equation (9): 
 ݀௜ ൌ ௗభ௣భభ೙௣೔భ೙         (9) 
 
The intersection of the circles can be used to estimate the 
position of the source, which is given by equation (10): 
 ሺݔ௜ െ ݔሻଶ ൅ ሺݕ௜ െ ݕሻଶ ൌ ௗభమ௣భమ೙௣೔మ೙                              (10) 
 
By using all estimated locations, the mean spatial location 
is calculated, and then the RMS spread of the spatial 
location distance from the mean location is calculated by 
using equation (2) above. For the entire range of path loss 
exponents, the whole process is repeated, and the value of 
path loss exponent n that provides the minimum RMS 
spread is used to calculate the final estimated location.  
 
3. The Localization Results  
The location estimation was performed via simulations in 
MATLAB. The algorithm requires a minimum of four 
sensor nodes. Simulations were performed including noise 
in a 	?	? ݉ ൈ 	?	?  ݉ grid. The noise modelling was 
performed by using specified values of the noise figure 
and RF reception bandwidth. Simulations were performed 
for a source power of െ	?	?݀ܤ  ݉and noise figure values of 
2dB and 3dB and bandwidths of 10MHz and 100MHz, 
respectively. The noisy signals were created by adding to 
the received signal random values generated by a 
Gaussian distribution with zero mean and the variance 
calculated as: 
 ܰ ൌ ܭ ாܶொܤሺ	?	?ሻ 
 
Where ாܶொis the equivalent temperature in ° K, and B is 
the bandwidth of the system in Hz. The numbers of 
sensors used are initially four. A simulation with an RF 
bandwidth of 10 MHz with a noise figure of 2dB was 
carried out, and the results are shown in Figure 2. This 
Figure shows that there is an estimation error of around 
1.19 meters. 
 
Figure 2. Simulation with Noise Figure = 2dB and RF 
bandwidth of 10 MHz. 
 
Figure 3 shows the results with a noise figure of 3dB and  
an RF bandwidth of 100 MHz. This Figure shows that 
there is a much larger estimation error of around 2.25 
meters, as expected. These results demonstrate the 
required specifications for the RF front-end of the system. 
Regarding noise calculations, random noise signals with 
zero mean and a fixed value of standard deviation were 
generated. Dealing with random numbers was considered 
by running the program 100 times and taking the mean of 
the 100 estimated values. This means that there were 100 
independent runs of the program and the final location 
was the mean 100 independent locations. 
 
 
Figure 3. Simulation with Noise Figure = 3dB and RF 
bandwidth of 100MHz. 
 
4. Conclusion  
A novel RSS based PD localization algorithm has been 
proposed in this paper. Under an anonymous 
environment, the algorithm shows satisfactory results 
based on simulations. The performance of the algorithm 
was tested with typical values of system noise figure and 
RF bandwidth.  
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